The central Taupo Volcanic Zone in New Zealand is a region of intense Quaternary silicic volcanism accompanying rapid extension of continental crust. At least 34 caldera-forming ignimbrite eruptions have produced a complex sequence of relatively short-lived, nested, and/or overlapping volcanic centers over 1.6 m.y. Silicic volcanism at Taupo is similar to the Yellowstone system in size, longevity, thermal flux, and magma output rate. However, Taupo contrasts with Yellowstone in the exceptionally high frequency, but small size, of caldera-forming eruptions. This contrast reflects the thin, rifted nature of the crust, which precludes the development of long-term magmatic cycles at Taupo.
INTRODUCTION
Large silicic volcanic systems are the surface expression of major intracrustal magmatic complexes, having life spans of a few million years and erupting thousands of cubic kilometres of magma (e.g., Hildreth, 1981) . The central part of the Taupo Volcanic Zone (Healy, 1962 ) is one such system; it is the locus of intense Quaternary silicic volcanism in New Zealand. In its erupted volumes, area, and life span, the central Taupo Volcanic Zone is comparable to the Yellowstone system ( Fig. 1) , and both were used as type examples of large caldera volcanoes by Smith and Bailey (1968) . However, the central Taupo zone and Yellowstone contrast strongly in the sizes and frequencies of caldera-forming eruptions, and they define two end-member styles for large silicic systems. Previous comparisons (Wilson et al., 1984) have been limited by the poor age controls on Taupo eruptive centers. New data are used here to present a revised time scale for caldera-forming events in the Taupo zone, as the basis for better comparisons with other silicic caldera systems.
TAUPO VOLCANIC ZONE
The Taupo Volcanic Zone is a volcanotectonic complex, 300 km long and up to 60 km wide, reflecting northwest-directed subduction of the Pacific plate beneath New Zealand. The zone is defined by an envelope around all vent locations known or inferred to have been active during the past 2.0 m.y. and associated with a northeast structural trend ( Fig. 1 ; Wilson et al., 1984) . The 2.0 m.y. limit is based on the onset of andesitic calc-alkalic volcanism in the zone (Stipp, 1968) . The Taupo Volcanic Zone is divided into three segments. The northeast and southwest segments contain andesitic to dacitic composite volcanoes and no rhyolitic calderas; a central 125 ϫ 60 km segment (Fig. 1) , the subject of this paper, has erupted overwhelmingly rhyolitic magma.
Central Taupo Volcanic Zone
The central Taupo zone is a broad structural depression, with a regional negative gravity anomaly containing local anomalies of 20 -40 mgal, reflecting caldera centers and tectonic basins (e.g., Rogan, 1982) . Mesozoic and Tertiary marine sedimentary rocks flank most of the Taupo zone, and ignimbrites extend Ͼ50 km from their sources on both sides of the zone. Little is known of the basement beneath the zone because it mostly lies beneath the 2.6 km limit of geothermal-related drilling. Calculations based on gravity data (e.g., Rogan, 1982) suggest thicknesses of volcanic material of at least 2.5-3 km and a total volume of volcanic material in the central Taupo zone of 10 000 -12 000 km 3 . When allowance is made for pyroclastic deposits outside the zone, a total volume of 15 000 -20 000 km 3 of volcanic material is likely to have been erupted. At least 34 eruptions inferred from their volume and/or facies associations to be associated with caldera collapse have occurred from a complex sequence of relatively shortlived, nested, and/or overlapping volcanic centers in the central Taupo Volcanic Zone. Recent studies at one caldera center (Taupo volcanic center) imply that magmatic cycles may last only thousands to tens of thousands of years (Sutton et al., 1995) and can overlap in time and space.
A stratigraphy of major ignimbrite units has been established by regional mapping. Previous age data, mainly fission-track determinations (e.g., Murphy and Seward, 1981) , suggested that the onset of silicic volcanism in the central Taupo zone occurred at ca 1.1 m.y. The stratigraphic results and our unpublished mapping have provided the sampling framework for new 40 Ar/ 39 Ar age determinations of the major ignimbrites and a reevaluation of their source calderas. We have analyzed feldspar separates from central Taupo zone ignimbrites by using the techniques developed by Pringle et al. (1992) . Sample masses of 14 mg (sanidine) to 79 mg (plagioclase) were used, and the experimental uncertainties range from 0.01 to 0.07 m.y.
ERUPTIVE HISTORY
40 Ar/
39
Ar ages from each ignimbrite, and available age determinations from units not examined by us (Table 1, Fig. 2 ), show that major caldera-forming events are not evenly spaced in time but cluster into three periods of more intense activity separated by significant gaps in time or changes in source positions (Figs. 2, 3 ).
Period I (1.68 -1.53 m.y.; Fig. 3A ) yields evidence of the earliest ignimbrite volcanism, preserved only west of the zone. Three ignimbrites were erupted from the Mangakino volcanic center on the west margin of the zone, and a fourth, poorly preserved ignimbrite probably came from a more eastern source. An interval of 0.32 m.y. separates periods I and II.
Period IIA (1.21-0.89 m.y.; Fig. 3B ) was an intense episode of volcanism during which two of the largest (1.21 and 1.00 m.y.) and the most widespread (0.97 m.y.) ignimbrites known in the central Taupo zone were erupted. Products of this period are derived from the Mangakino and Kapenga volcanic centers and are mostly preserved west of the zone. The Mangakino center seems to have become inactive at the close of this period as new sources developed to the east.
Period IIB (0.77-0.68 m.y.; Fig. 3C ) is represented by at least three ignimbrites that came from source(s) within the Kapenga volcanic center of Wilson et al. (1984) . The youngest of these units is the oldest ignimbrite preserved on both flanks of the zone, and its eruption was followed by a gap of 0.34 m.y. with no known calderaforming activity.
Period IIIA (0.34 -0.32 m.y.; Fig. 3D ) is represented by widespread and voluminous ignimbrites (Whakamaru group) on both sides of the Taupo zone, together with a correlative fall deposit, erupted from a single source caldera.
Period IIIB (0.28 -ca. 0.15 m.y.; Fig. 3E ) represents another interval of intense ignimbrite production; however, in contrast to period IIIA, six caldera centers were involved, and the volumes erupted in individual events were smaller.
Period IIIC (0.065 m.y.-present; Fig. 3F ) covers eruptions from the two centers at the northern and southern ends of the central Taupo zone, which remain highly active to the present day.
Intercaldera Volcanism
Numerous other events, most generating Plinian fall deposits and/or lavas, are known to have occurred in the past 0.1 m.y. These did not involve caldera formation but represent cumulative magma volumes approaching those of some caldera-forming events. It is not clear whether such activity (smaller size and higher frequency) has always occurred between caldera-forming eruptions in the zone. The uncertainty occurs because the fall deposits from the small, young events are preferentially dispersed downwind east of the Taupo zone, whereas the older ignimbrite sequences are preferentially preserved to the west.
TAUPO VOLCANIC ZONE AND YELLOWSTONE
The Taupo Volcanic Zone and the Yellowstone system are used as archetypal examples of large caldera volcanoes (e.g., Smith and Bailey, 1968) . Their averaged magma discharge rates and total thermal fluxes are very similar, suggesting that magma supply rates are comparable, despite their disparate tectonic settings. These supply and discharge rates are high in comparison to other silicic caldera systems and similar to frequently active composite cones. However, the styles, sizes, and frequencies of eruptions are strikingly different at Yellowstone and Taupo (Table 1, Fig. 4) , and we suggest that this discrepancy is a function of the age, strength, and deformation characteristics of the crust in the two regions. There is a comparatively simple history of three long-term magmatic cycles over the past 2.2 m.y. at Yellowstone, culminating in voluminous ignimbrite eruptions and caldera collapse (Christiansen, 1984) . In this stable continental setting, large magma chambers can evolve over extended time intervals (10 5 to 10 6 yr), and the life span of individual magma batches is long. In contrast, the central Taupo Volcanic Zone has formed at a convergent margin where the crust is younger, thinner, and undergoing rapid extension at 7-20 mm yr
Ϫ1
. Thus in the Taupo zone, there are an order of magnitude more, but smaller, caldera-forming events from overlapping volcanic centers that produce magmatic cycles which are disrupted on time scales of typically 10 4 to 10 5 yr. This contrast also holds for smaller-scale Plinain and dome-building intracaldera eruptions.
